washed in saline, simultaneously killed and fixed in glacial acetic acid, and then transferred and stored in 70% ethanol with 5% glycerine prior to examination. A second ray caught by longline in waters adjacent to El Paredon, Mexico, was purchased from local fishermen in 1997. In this instance, the entire spiral intestine was fixed in 5% formalin; nematodes were collected in the laboratory. These specimens fixed in situ were determined to be conspecific with those from Costa Rica, but because of fixation artifacts and contraction of the cephalic and caudal regions, they were not included in the type series or description.
The description was based on 5 complete males and 3 gravid females. Specimens were cleared in phenol-alcohol and examined as whole mounts. A male specimen was examined by scanning electron microscopy (SEM) to define cephalic structures with a method not previously applied to studies of zooparasitic nematodes. In the description, measurements are in micrometers unless specified otherwise; where sample size (n) is -5, the range is followed by the mean + 1 SD. Type specimens and part of the vouchers were deposited in the U.S. National Parasite Collection, Biosystematics and National Parasite Collection Unit, U.S.D.A., Agricultural Research Service, Beltsville, Maryland (USNPC); voucher specimens were also deposited in the Coleccion Nacional de Helmintos (CNHe) of the Instituto de Biologia, Universidad Nacional Autonoma de Mexico (UNAM).
Scanning electron microscopy
A male specimen, stored in 70% ethanol, was rehydrated stepwise to 100% water and transferred to a modified Oxford specimen cryoholder. Modification consisted of drilling a 1-mm hole in the holder so the anterior of a bisected specimen could be inserted vertically to fully expose the cephalic extremity. The specimen was transferred to the holder, oriented, excess water removed by wicking with filter paper and then plunge-frozen in liquid nitrogen (LN2) at -196 C. The holder was transferred to the precooled stage of an Oxford CT-1500 HF Cryotrans System that was interfaced to a Hitachi S-4100 field emission SEM. The temperature was raised to -90 C for 15 min to sublime any residual surface water then recooled to below -100 C, and the specimen was coated with a thin layer of platinum with a magnetron sputter coater. The coated specimen was then transferred to the cold stage (<-160 C) of the low temperature (LT) SEM and observed and photographed at an accelerating voltage of 2 kV. After completion of initial observations, the specimen was thawed, reoriented at a different angle, and refrozen (as specified above) for further observations. Micrographs were recorded on Polaroid type 55 P/N film. To record a pair of stereo micrographs having parallax information required for 3-dimensional viewing, the stage was tilted 6 degrees between the first and second micrographs.
Stereoscopic (Table I) . Analysis was conducted with PAUP 3.1.1 (Swofford, 1993) 
Phylogenetic analysis
One expectation of phylogenetic systematic studies is that the robustness of phylogenetic hypotheses should increase with increased sampling of characters and species. The present study offers an opportunity to test that assumption empirically. There have been 2 previous efforts to elucidate the phylogenetic relationships of members of Echinocephalus (see Deardorff et al., 1981; Brooks and Deardorff, 1988 ). This study permits us to update the phylogenetic tree for the genus once again on the basis of new information and additional characters for phylogenetic analysis.
(1) Gubernaculum. 0 = absent; 1 = present.
(2) Number of preanal papillae. 0= 3; 1 = 2.
(3) Rugose patches around the male cloaca. 0 = absent; 1 = present. Examination of the type specimens of E. pseudouncinatus revealed the presence of rugose patches around the male cloaca previously reported only for E. sinensis, E. overstreeti, and E. uncinatus. Beveridge (1985) reported that Echinocephalus spinosissimus (Linstow, 1905) lacked rugose patches but depicted poorly defined cuticular modifications in the same position. This might be a precursor to the rugose patches, or a variation of them, but we are not certain so we have coded that species as uncertain (?) for the character. (7) Number of pseudolabial teeth. 0 = 4; 1 = 6; 2 = 8-11 (see Beveridge, 1985) .
(8) Number of rows of spines on cephalic bulb. 0 = mean number <10, typical of Gnathostoma spp.; 1 = >10, maximum 13; 2 = maximum 18; 3 = maximum 21; 4 = maximum 27-29; 5 = maximum 30-38; 6 = maximum 40-43. This is a putative synapomorphy for Echinocephalus because all species have >10 rows of cephalic spines. Additionally, the plesiomorphic condition of a low number of rows is corroborated by ontogenetic data, e.g., early stages of E. sinensis and E. pseudouncinatus according to and Millemann (1963) .
(9) Number of pairs of postanal papillae. 0 = 4; 1 = 5; 2 = 6; 3 = 3. Phylogenetic analysis of these 15 characters produced a single most parsimonious tree, with a consistency index of 0.893 (0.880 excluding uninformative characters) and retention index of 0.864 (Fig. 19) . Monophyly for Echinocephalus is supported by 2 characters, number of rows of cephalic spines (char. 8) and position of the vulva (char. 15). The following relationships are recognized: E. southwelli is the basal taxon, and E. multidentatus is the sister species for the remaining members of the genus. Two higher clades sharing a sister-group relationship are depicted: 1 with E. daileyi and E. diazi + E. janzeni, and the other with E. spinosissimus + E. uncinatus as the sister group of E. overstreeti and E. pseudouncinatus + E. sinensis.
DISCUSSION
A revised phylogeny for the species of Echinocephalus allows reexamination of the historical biogeographic and coevolutionary relationships of these gnathostomatids and their hosts. Echinocephalus janzeni n. sp. inhabits H. pacifica, which is the probable sister species of Himantura schmardae Werner (see Lovejoy, 1996) and the host of E. diazi; it is E. diazi that is the putative sister species of E. janzeni. According to Lovejoy (1996), H. schmardae + H. pacifica is the sister group of the Potamotrygonidae, the South American freshwater stingrays. In this new analysis, E. daileyi, which inhabits freshwater stingrays (species of Potamotrygon Garman), is the sister species of E. janzeni + E. diazi. If Echinocephalus is a reasonable indicator of historical coevolutionary relationships, the relationships among those 3 species support Lovejoy's (1996, 1997) contention. In order to assess the extent to which Echinocephalus should be seen as a good indicator of historical coevolutionary relationships, however, we must examine the host relationships of all the members of the genus. Echinocephalus southwelli and E. multidentatus, the 2 basal members of the genus, inhabit Urogymnus asperrimus (Bloch and Schneider), a member of the Dasyatididae. Two other species also inhabit U. asperrimus. Echinocephalus spinosissimus was described originally in Myliobatus aquila (Linnaeus), a member of the Myliobatidae, but has also been reported in U. asperrimus as well as Himantura imbricata (Bloch and Schneider), both members of the Dasyatididae, and E. overstreeti was described in Taeniura melanopilos (Bleeker), another dasyatidid, and has also been reported in U. asperrimus. Echinocephalus uncinatus, the sister species of E. spinosissimus, has been reported in Dasyatis centroura (Mitchill) and Dasyatis pastinaca (Linnaeus), both dasyatidids. Finally, E. sinensis was described in Aetobatus flagellum (Bloch and Schneider) and E. If we examine the clade that is the sister group to the E. daileyi + E. janzeni + E. diazi clade, we find the basal members are a clade including E. spinosissimus and E. uncinatus. Echinocephalus spinosissimus has been found in H. imbricata, and E. uncinatus has been found in 2 species of Dasyatis; if D. pastinaca and D. centroura are in Lovejoy's Dasyatis 1 group, this would be consistent. Echinocephalus spinosissimus, however, has also been found in M. aquila and U. asperrimus, which would be explained as host switches when we force maximum agreement between the Echinocephalus tree and Lovejoy's tree. The next species up the tree in that clade is E. overstreeti, which has been found in U. asperrimus and T. melanopilos. According to Lovejoy's tree, Taeniura is the sister species of Potamotrygonidae + H. pacificalH. schmardae. This would be best explained as at least 1 host switch. The sister group of E. overstreeti is E. sinensis + E. pseudouncinatus, both of which inhabit myliobatids, a relationship congruent with Lovejoy's hypothesis. As stated above, however, this interpretation is contingent on Urogymnus being the sister group of all dasyatid, potamotrygonid, and myliobatid stingrays. If Urogymnus is related in any other way to those stingrays, optimizing host types onto the nematode tree requires a minimum of 7 host switches. Thus, the extent to which Echinocephalus should be taken as an unambiguous indicator of historical coevolutionary relationships is uncertain. It is also relevant to note that Lovejoy's (1996) grouping of Taeniura + Potamotrygonidae + H. pacifica/H. schmardae is based on only a single synapomorphy, which is homoplasious on his tree. In addition, his postulated clade of H. pacifica + H. schmardae has no postulated synapomorphy at all. Brooks (1979) suggested that parasites exhibited stronger historical associations with the areas in which they evolved and lived than with the particular species of hosts they inhabit. Subsequent phylogenetic systematic studies of parasite groups in which host and geographic relationships have been examined support this contention (see studies summarized in Brooks and McLennan, 1993 ). This appears to be the case with Echinocephalus. Although Echinocephalus does not resolve the sistergroup relationships of the potamotrygonids unambiguously, it does provide unambiguous support for the hypothesis that the ancestor of the potamotrygonids came from the Pacific Ocean, as suggested previously ; for a recent summary, see Brooks and McLennan, 1993) . Echinocephalus diazi occurs in the Caribbean and its sister species occurs in the eastern Pacific Ocean. The sister species of those 2 is E. daileyi, living in Potamotrygon orbignyi (Castelnau), indicating an ancestral association between the eastern Pacific Ocean + Caribbean Sea and the Amazon basin. Lovejoy (1997) recently suggested that this association indicated that the freshwater stingrays could have invaded freshwater habitats from the Caribbean Sea rather than the Pacific Ocean as suggested by previous studies (summarized in Brooks, 1995) . By examining the geographic distributions of all the members of the genus, it is clear that Lovejoy's postulate is not supported. The 2 basal members, E. southwelli and E. multidentatus, occur in the Indian Ocean (Sri Lanka). The remaining 8 species occur in 2 clades. One of these is the E. daileyi + E. janzeni + E. diazi clade, whose distribution pattern has already been discussed. The sister group comprises 5 species living primarily in the Pacific Ocean. Within it, E. spinosissimus from the Indian Ocean (Sri Lanka) and E. uncinatus from the Mediterranean region (Black Sea and Adriatic Sea) form a subclade that is the sister group of the other 3 species. Of that group, E. overstreeti from the western and central Pacific Ocean (Enewetak Atoll and the Marquesas Islands) is the sister species of E. sinensis from Hong Kong and E. pseudouncinatus from the northeastern Pacific. If, as Lovejoy has suggested, the potamotrygonids invaded freshwater from the Atlantic Basin, (1) we would expect E. uncinatus to be the sister species of E. daileyi + E. diazi + E. janzeni, (2) we would expect to find E. daileyi or close relatives living not only in the Amazon Basin but also in northern river systems, such as the Magdalena River of Colombia, where H. schmardae, host of E. diazi, lives, and (3) we would expect to find E. daileyi or close relatives living in Paratrygon Dumeril or Plesiotrygon Rosa, Castello, and Thorson or other members of Potamotrygon, rather than only in Potamotrygon orbignyi, the type host (host specificity data from F. Marques, pers. comm.). Consequently, the new phylogenetic tree for Echinocephalus may provide support for Lovejoy's hypothesis of stingray relationships, but it does not provide evidence for an Atlantic basin origin of the potamotrygonids; rather, it supports strongly the Pacific origins hypothesis of Brooks and coworkers.
